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ABSTRACT 
Concurrent with t h e  advanced technology f o r  providing 
more accura te  PTTI through improved devices and a 
g rea t e r  v a r i e t y  of dissemination systems, t h e  func t iona l  
areas of appl ica t ion  of Precise T i m e  and T i m e  I n t e r v a l  
(PTTI) have a l s o  expanded. A comprehensive overview 
of t h e  PTTI requirements and appl ica t ions  would provide 
an opportunity f o r  ind iv idua ls  working i n  a s p e c i f i c  
func t iona l  area t o  i d e n t i f y  mutual problems, require- 
ments, app l i ca t ions  o r  successes shared by those i n  
o the r  func t iona l  areas. 
Based upon t h e  r e s u l t s  of a two year  study conducted 
under t h e  sponsorship of t h e  USNO, t h i s  paper presents  
a compendium of PTTI requirements, app l i ca t ions  and t h e  
means of meeting t h e  requirements among Department of 
Defense components, o the r  government agencies and major 
commercial users.  I n  t h e  course of t h e  inves t iga t ion  
it w a s  found t h a t  t h e  planning process f o r  PTTI support 
f o r  new acqu i s i t i ons  o r  new programs w a s  less than a 
w e l l  defined, coordinated process. This paper descr ibes  
t h e  processes  i n  general  terms and presents  a g e f e r i c  
model f o r  requirements determination and subsequent 
coordinat ion which may enhance t h e  planning process 
and introduce cos t  b e n e f i t s  t o  t h e  program. 
INTRODUCTION 
I n  January of 1980, funct ioning i n  t h e  r o l e  of t h e  Department of De-  
f ense  PTTI Manager, t h e  U. s. Naval Observatory i n i t i a t e d  a study of 
PTTI requirements. Although t h e  c e n t r a l  focus of t h e  study w a s  t h e  
DOD requirements, t h e  scope of t h e  e f f o r t  w a s  expanded t o  include t h e  
requirements of t h e  o the r  government agencies and s i g n i f i c a n t  commer- 
c ia l  use r s  of PTTI since many of them must maintain reference t o  t h e  
U. S. Naval Observatory master clock time. The purpose of t h e  study 
w a s  t o  ga in  an ins igh t  i n t o  t h e  magnitude of cur ren t  uses  of PTTI,  and 
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projected requirements, i n  order  t o  determine t h e  objec t ives  f o r  up- 
grading the master clock system t o  provide t h e  most accura te  and cos t  
e f f e c t i v e  se rv ice  t o  t h e  users.  The i d e n t i f i c a t i o n  of t h e  use r s  and 
t h e i r  broad requirements w e r e  deemed s u f f i c i e n t  t o  m e e t  t h e  object ives .  
Consequently, t h e  d e t a i l s  of s p e c i f i c  systems equipments and wir ing 
diagrams were not  necessary.  
t h e  type of s tandard used, t h e  re ference  system f o r  maintaining t h e  
standard and t h e  func t iona l  areas of operat ion (e.g. communications, 
navigat ion e t c . )  provide s u f f i c i e n t  information t o  e s t a b l i s h  t h e  USNO 
objec t ives  f o r  improvements i n  t h e  master clock. 
Key elements such as accuracy required,  
APPROACH 
The f i r s t  s t e p  i n  determining t h e  broad use r  requirements w a s  t o  
i d e n t i f y  t h e  use r s  themselves. 
bes t  described as a "top-down" and "bottom-up" approach. 
This  e f f o r t  had a two-pronged approach 
The top-down approach began a t  t h e  top l e v e l  headquarters of t h e  
r e spec t ive  DOD components and o t h e r  user  agencies. 
contact  w a s  made by a personal  o f f i c e  call .  However, some contac ts  
w e r e  i n  group meetings and i n  a few cases where fol low up ac t ion  w a s  
no t  deemed necessary,  contact  w a s  made by telephone only. The DOD 
Directive governing p r e c i s e  t i m e  and t i m e  i n t e r v a l  (DOD D I R  5160.51) 
required t h e  var ious components t o  i s s u e  implementing d i r e c t i v e s  and 
provide copies of t hese  d i r e c t i v e s  t o  t h e  O S D ( C 3 I ) .  By t r a c i n g  t h e  
implementing d i r e c t i v e  t o  t h e  responsible  s t a f f  agencies i n  each 
component t h e  personnel most involved i n  PTTI matters w e r e  located.  
This  approach a l s o  i d e n t i f i e d  t h e  next lower echelon assigned respon- 
s i b i l i t i e s  f o r  PTTI matters and l ead  u l t imate ly  down t o  t h e  f i e l d  
a c t i v i t i e s  maintaining PTTI. A t  f i r s t  glance,  t h e  top-down tech- 
nique exhib i ted  a l l  t h e  promise of t he  most e f f i c i e n t  and economical 
means of gather ing t h e  des i red  information. It was  envisioned t h a t  
within each component t h e  higher  level s t a f f  would have a t  hand t h e  
aggregate requirements of subordinate  commands. These would then b e  
a v a i l a b l e  a t  a c e n t r a l  l oca t ion  and serve t o  i d e n t i f y  t h e  PTTI users  
a t  t h e  next  lower echelon as w e l l  as t h e  q u a n t i t a t i v e  requirements 
as approved/understood by t h e  higher  authori ty .  I f  t h e  level of 
d e t a i l  concerning t h e  requirement w a s  i n s u f f i c i e n t ,  it would a t  least 
provide t h e  inves t iga to r  with t h e  i d e n t i t y  of t h e  source of f u r t h e r  
d e t a i l s .  By v i r t u e  of cen t r a l i zed  da ta  sources,  t h e  top-down tech- 
nique would economize on time and t r a v e l  expenses as w e l l  as f a c i l i -  
tate t h e  compilation process  f o r  displaying t h e  da t a  and t h e  sub- 
sequent a n a l y s i s  process. By d e f i n i t i o n ,  t h e  top  down approach would 
appear t o  b e  t h e  b e s t  m e a n s  t o  work down t o  the inves t iga to r ' s  per- 
cept ion of "broad" requirements without becoming enmeshed i n  t h e  
d ive r se  d e t a i l s  of a mult i tude of u se r s  and t h e i r  overlapping 
requirements. 
I n  most cases t h e  
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I n  some ins tances  t h i s  technique d id  not  provide a w e l l  def ined t r a c k  
t o  t h e  ind iv idua ls  who had a comprehension of PTTI requirements. 
many ins tances ,  although w e l l  aware of an o v e r a l l  program and an apprec- 
i a t i o n  of a need f o r  PTTI, t h e  q u a n t i t a t i v e  a spec t s  of t h e  requirement, 
and t h e  m e a n s  whereby it  would be s a t i s f i e d ,  w e r e  not  c l e a r l y  v i s i b l e  
at  t h e  upper echelon of au tho r i ty .  
In 
I n  an e f f o r t  t o  i s o l a t e  t h e  e l u s i v e  requirements information, a ques- 
t i onna i r e  w a s  designed. Conceptually, t h e  ques t ionnai re  would be  
d i r ec t ed  t o  t h e  PTTI p a r t i c i p a n t s  i d e n t i f i e d  i n  t h e  top-down approach 
with t h e  idea  t h a t  they in tu rn  would forward it down through t h e  s t a f f  
o r  command chain t o  t h e  var ious  l e v e l s  where t h e  requirements da t a  w e r e  
more access ib l e  and b e t t e r  understood. It w a s  a multipurpose question- 
na i re .  A por t ion  of it w a s  designed t o  ga ther  information on t h e  
management s t r u c t u r e  and organiza t iona l  r e l a t i o n s h i p s  and t h e  remainder 
addressed t h e  requirements. 
Although t h e  responses t o  t h e  ques t ionnai re  proved informative i n  
certain areas, they w e r e  no t  100% e f f e c t i v e  i n  f i l l i n g  t h e  gaps. 
The combination of t h e  in i t ia l  s t a f f  contac ts  and a preliminary analy- 
sis of t h e  responses t o  t h e  ques t ionnai re  ind ica ted  t h a t  t h e r e  ex i s t ed  
a l e v e l  of PTTI requirements t h a t  w a s  eluding scru t iny .  
t h e  requirements assoc ia ted  with systems i n  t h e  hierarchy of t h e  
planning and programming system which were not  y e t  operat ional .  
an e f f o r t  t o  ferret out  t h e  PTTI requirements i n  t h i s  category, another 
format w a s  designed with t h e  i n t e n t  of c i r c u l a t i n g  it t o  s e l e c t e d  
program, acqu i s i t i on ,  o r  system managers t o  provide t h e  s p e c i f i c s  on 
t h e i r  r e spec t ive  PTTI requirements. Preliminary d iscuss ions  with 
se l ec t ed  program sponsors and o the r s  in sen io r  s t a f f  pos i t i ons  c rea ted  
some reserva t ions  about t h e  c i r c u l a t i o n  of t h e  rev ised  format as an 
augmentation t o  t h e  quest ionnaire .  I n  general ,  it w a s  concluded t h a t  
it would n o t  b e  propi t ious  t o  encumber an already overburdened system 
with t h e  add i t iona l  adminis t ra t ive  d e t a i l s  of responding t u  y e t  another 
inquiry.  However, t h e  search f o r  t h e  bas i c  information w a s  not  aban- 
doned. The da ta  f o r  s e l ec t ed  systems werederived through research of 
var ious documents, papers presented at symposia, and through contact  
with knowledgeable ind iv idua ls  d i r e c t l y  assoc ia ted  with these  programs. 
Those w e r e  
I n  
Concurrent with the "top-down" approach descr ibed above, a "bot tom-up" 
approach w a s  implemented. The bas i c  philosophy supporting t h e  bottom- 
up approach w a s  t o  i d e n t i f y  t h e  myriad of PTTI users ,  aggregate their 
requirements and d iv ide  them i n t o  s p e c i f i c  func t iona l  ca tegor ies  of 
use such as navigat ion,  communications, etc. Having developed an 
aggregate  d isp lay  by category, then seek t o  i d e n t i f y  t h e  opera t iona l  
c a p a b i l i t i e s  which e s t ab l i shed  t h e  PTTI requirements. 
po in t ,  t h e  computer p r i n t o u t  of the d i s t r i b u t i o n  list f o r  time s e r v i c e  
announcements from t h e  TJSNO w a s  reviewed. 
As a departure  
Each use r ,  by DOD component, 
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w a s  l i s t e d  along wi th  t h e  type  of announcements received. The ob jec t ive  
here  w a s  t o  t r y  t o  determine t h e  p r i n c i p a l  func t iona l  category i n  which 
t h a t  user  w a s  operat ing by t h e  very na tu re  of t h e  time service announce- 
ments received. In  some instances the t i t l e  of t h e  using u n i t  provided 
an in s igh t  t o  t h e i r  p r i n c i p a l  func t iona l  category. 
As an adjunct t o  t h e  techniques appl ied in  t h e  top-down and bottom-up 
approaches, every e f f o r t  w a s  made t o  i n v e s t i g a t e  a l l  a v a i l a b l e  da t a  
sources. Other sources  of da t a  included pe r iod ica l s ,  ind iv idua l  papers 
published f o r  symposia, government r epor t s ,  d i r e c t i v e s  and support  
agreements, con t r ac to r s  equipment spec i f i ca t ions  , and vendors e d i t o r i a l  
observat ions r e l a t e d  t o  innovat ive m e a n s  of deal ing with PTTI require- 
ment s. 
FINDINGS 
Figure 1 presents  a summary d isp lay  of t h e  DOD PTTI requirements com- 
p i l e d  from t h e  r e s u l t s  of t h e  i n v e s t i g a t i v e  process described above. 
Also included i n  t h e  summary are some o the r  s e l ec t ed  major u se r s  who 
are ex te rna l  t o  t h e  Department of Defense. The f i r s t  s ec t ion  of t h e  
d isp lay  shows t h e  major dissemination systems. These are referenced 
throughout t h e  cha r t  as t h e  means whereby t h e  use r s  are c a l i b r a t i n g  
t h e i r  r e spec t ive  systems. Each component's da t a  is  provided under a 
sepa ra t e  heading. 
Although t h e  requirements vary over a wide range, many of t h e  require- 
ments are common t o  seve ra l  components. 
of s a t i s f y i n g  t h e  requirement must vary due t o  t h e  opera t iona l  environ- 
ment. Of p a r t i c u l a r  no te  is t h e  Navy's requirements. 
quirements were compiled in a d isp lay  which shows t h e  sepa ra t e  require- 
ment by sh ip  class, a i r c r a f t  class and shore i n s t a l l a t i o n s .  
the da ta  i n  t h a t  form is c l a s s i f i e d  and is a v a i l a b l e  a t  t h e  Naval 
Observatory in a sepa ra t e  report .  
covering most of t h e  globe and independent operat ions,  t h e  Navy 
opera t iona l  requirements are probably t h e  most complex. 
Secur i ty  Agency's requirements are a l s o  c l a s s i f i e d  and are incorporated 
in  t h e  same repor t  a t  t h e  USNO. 
I n  some ins tances  t h e  means 
The Navy's re- 
However 
By v i r t u e  of long term deployment 
The Nat ional  
Generally speaking, t h e  most s t r i n g e n t  requirements are assoc ia ted  with 
research and c a l i b r a t i o n  f a c i l i t i e s .  
f ixed  installations and can provide cont ro l led ,  s t a b l e  environments 
f o r  their standards.  Most of t h e  requirements range from 1 p a r t  in 
1012 t o  1 p a r t  i n  1014 f o r  frequency s t a b i l i t y .  The p r i n c i p a l  m e a n s  
of monitoring t h e s e  systems is by po r t ab le  clock, TV-10 and Loran-C. 
NASA presents  the most s t r i n g e n t  requirements, both cu r ren t  and pro- 
j ec t ed ,  f o r  a v a r i e t y  of programs such as space t racking,  geodesy, and 
o the r  i n v e s t i g a t i v e  pro jec ts .  
Fortunately t h e s e  a c t i v i t i e s  are 
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The next  level I n  t h e  hierarchy of requirements appears t o  be  a t  t h e  
test ranges,  Eastern and Western test ranges under t h e  A i r  Force, and 
Puma and White Sands under t h e  Army. The requirement is  i n  t h e  order  
of 1 p a r t  i n  1011 and time of t h e  day t o  wi th in  f 2 microseconds of t h e  
USNO master clock. Again po r t ab le  c locks,  LoranzC and TV-10 are the 
p r i n c i a p l  sources of reference.  Very c l o s e  t o  t h i s  l e v e l  of accuracies ,  
i s  a wide range of communication systems and d a t a  l i n k s  
which relies on timing f o r  s e c u r i t y  of d i g i t a l  t ransmission of l a r g e  
volumes of data .  Fo r tuna te ly , a l l  of t h e  components sha re  t h e s e  require-  
ments. Since the systems are tactical  o r  s t r a t e g i c  systems deployed 
with ope ra t iona l  forces ,  t h e  s tandards which support  t h e  system seldom 
enjoy t h e  luxury of a con t ro l l ed  environment. Addit ional  performance 
c r i t e r i a  must be  considered such as s i z e ,  weight, acce l e ra t ion  sensi-  
t i v i t y ,  temperature range, warm up t i m e  and power supply. Delicate 
t r a d e  o f f s  are necessary t o  achieve t h e  opera t iona l  ob jec t ive  a t  a 
reasonable cos t .  For some of t h e  " fu ture  systems" l i s t e d  in t h e  cha r t ,  
these t r adeof f s  are cu r ren t ly  i n  process and t h e  da t a  needed t o  f i l l  i n  
t h e  c h a r t  are not  r e a d i l y  ava i l ab le .  
t o  10-10, 
The A i r  Force has widely-dispersed forces .  However, t h e i r  f a c i l i t i e s  
are geographical ly  f ixed  i n  na tu re  and independent deployments are of 
r e l a t i v e l y  s h o r t  durat ion.  They have s t ruc tu red  t h e i r  PTTI f a c i l i t i e s  
t o  cover t h e i r  needs through t h e  geographical d i s t r i b u t i o n  of some 24 
P r e c i s e  Time Reference S ta t ions ,  each equipped with a s tandard T i m e  
Console u n i t  containing two re ference  clocks,  Loran-C rece ive r s  and 
VLF rece ivers .  I n  add i t ion  t h e r e  are one hundred and seventeen P r e c i -  
s ion  Measurement Equipment Laborator ies  worldwide. 
vary i n  n a t u r e  from VLF comparators t o  cesium s tandards  depending upon 
t h e  na tu re  of t h e  f a c i l i t y  being supported. 
Thei r  equipments 
I f  one focuses  on t h e  f u t u r e  requirements of the Services ,  it becomes 
apparent t h a t  t h e  opera t iona l  requirements and t h e  n a t u r e  of PTTI 
problems are converging t o  a common ground. This  is dr iven pr imar i ly  
by soph i s t i ca t ed  communication systems and pos i t i on  loca t ion  equipment 
which w i l l  be  widely d ispersed  i n  tactical  deployments. 
t h e  Army is  developing t h e  S ingle  Channel Object ive Tactical Terminal 
(SCOTT) which w i l l  r equ i r e  time of day wi th in  2 20 us and may con- 
ceivably r e q u i r e  the deployment of s eve ra l  hundred cesium o r  rubidium 
clocks.  
Radio System (SINCGARS) and Modular In tegra ted  Comunication System 
(MICN) may a l s o  add cesium o r  rubidium clocks t o  t h e  ope ra t iona l  
forces .  
program from t h a t  of a laboratory,  f i xed - ins t a l l a t ion  problem t o  those  
problems similar t o  the Navy's i n  support  of deployed ope ra t iona l  
forces .  
inexorably spread t h e  problem uniformly among t h e  services as common 
users .  
For example 
Other f u t u r e  Army systems such as Single  Channel Ground A i r  
These deployments w i l l  c l e a r l y  change t h e  complexion of t h e  
There are many j o i n t  systems under development which w i l l  
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PTTI REQUIRENEHTS PLANNING 
The inves t iga t ions  implemented in researching t h e  requirements, re- 
vealed some i n t e r e s t i n g  f a c t s  regarding t h e  PTTI requirements planning 
process. For t h e  purposes of t h i s  discussion t h e  PTTI use r s  within 
t h e  components can be  divided i n t o  t h r e e  func t iona l  communities; t h e  
R&D community, t h e  Log i s t i c s  community, and t h e  Operational community. 
PTTI requirements are viewed from a d i f f e r e n t  perspec t ive  i n  each of 
these  communities. One of t h e  f i r s t  key observat ions which can be made 
with few exceptions i s  t h a t  t h e r e  is  no c e n t r a l  overseer  i n  t h e  compon- 
en t s  who transcends t h e  ind iv idua l  boundries of t hese  communities i n  
order  t o  t r a n s l a t e  t h e  separa te  requirements i n t o  a common statement of 
t h e  o v e r a l l  component requirements. Consequently, in researching re- 
quirements, each community within the  components had t o  be  queried 
separately.  With d i f f e r e n t  perspect ives ,  t h e  statement of requirements 
takes on a d i f f e r e n t  form. A statement of requirements from t h e  opera- 
t i o n a l  community is i n  opera t iona l  terms. For example, t h e  require- 
ment may be  t o  achieve secure communications between poin ts  A aird B, 
o r  Zetermine pos i t i on  loca t ion ,  worldwide, t o  a spec i f ied  accuracy. The 
operz t iona l  r ep resen ta t ive  may o r  may not be aware of t h e  f a c t  t h a t  
p rec i se  time o r  time i n t e r v a l  is a necessary element of t h e  system t o  
achieve t h e  objec t ive .  
community and s p e c i f i c a l l y  t h e  acqu i s i t i on  manager; o r  f o r  systems 
cu r ren t ly  opera t iona l ,  t o  t h e  metrology and c a l i b r a t i o n  support  agen- 
cies. The acqu i s i t i on  manager, on t h e  l o g i s t i c s  s i d e ,  is  more tech- 
n i c a l l y  or ien ted  and w i l l  general ly  acknowledge t h e  need f o r  PTTI. 
However, t h e  manner in which it  is t o  be provided and t h e  s p e c i f i c  
criteria are not  always known. The PTTI por t ion  is viewed as a sub- 
system t o  t h e  prepared design which w i l l  m e e t  t h e  opera t iona l  require- 
ment. A s  w e  follow t h e  t r a c k  t o  the  design engineer,  t o  subsystem 
engineer, etc, t h e  a v a i l a b i l i t y  of da ta  on PTTI increases  considerably.  
I n  some ins tances  t h e  f i n a l  answer rests with t h e  commercial cont rac tor  
who is assembling t h e  e n t i r e  system and knows prec i se ly  how t h e  timing 
problem is  t o  be solved. 
issue.  On t h e  one hand t h e i r  a t t e n t i o n  is d i r ec t ed  t o  t h e i r  own 
internal PTTI requirements, on s i te ,  f o r  use in research. On t h e  o ther  
hand they must be cons tan t ly  aware of t h e  opera t iona l  ob jec t ives  t o  
insure  t h a t  they keep pace with t h e  requirements. 
shares  t h e  f r u s t r a t i o n  of not  having a c e n t r a l  point  of contact  which 
can br ing toge ther  information regarding PTTI requirements and r e l a t e d  
a c t i v i t y  in t h e  o the r  communities. The n e t  r e s u l t  of t h e  cur ren t  pro- 
cess is a somewhat fragmented process i n  PTTI requirements development. 
Given t h e  above f a c t s ,  w e  might w e l l  quest ion how t h e  PTTI program con- 
t i nues  t o  func t ion  as w e l l  as i t  does. 
t i v e  and dedica t ion  of t h e  p a r t i c i p a n t s  who are wi l l i ng  t o  over r ide  t h e  
l ack  of a formalized s t a f f i n g  system and t o  communicate with one another 
The inves t iga t ion  then s h i f t s  t o  t h e  l o g i s t i c s  
The R&D community has  a s p l i t  v i e w  of t h e  
This community 
It does so through the  i n i t a -  
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t o  t h e  degree necessary t o  accomplish t h e i r  t asks .  
information exchange network among components, among communities, and 
even from one component's community t o  a d i f f e r e n t  community i n  another 
component. Although func t iona l ,  i t  is t i m e  comsuming and less then 
e f f i c i e n t  . 
There is  a complex 
A c lear ly-def ined  PTTI requirements development process  r equ i r e s  a w e l l -  
de l inea ted  organiza t iona l  s t r u c t u r e  within which it operates .  One such 
s t r u c t u r e  is depicted in Figure 2. Each component would have a c e n t r a l  
PTTI manager ass igned,  preferab ly  operat ing on t h e  h ighes t  s t a f f  l e v e l  
in order  t o  exe rc i se  coordinat ion over t h e  sepa ra t e  communities in each 
component. This  is no t  e s s e n t i a l  i f  t h e  necessary coordinat ion author- 
i t y  is unequivocally es tab l i shed  in t h e  governing d i r e c t i v e s  and 
c l e a r l y  recognized by a l l  pa r t i c ipan t s .  
ava i l ab le ,  and known, t o  t h e  DOD PTTI manager. 
t h e  requirements are brought t o  a c e n t r a l  po in t  where t h e  a c t i v i t i e s  
of t h e  o the r  communities are a l s o  known. The manager would be  a b l e  t o  
match cur ren t  metrology and c a l i b r a t i o n  c a p a b i l i t i e s  wi th  new require- 
ments; provide feedback t o  t h e  R&D community as t o  opera t iona l  require- 
ments and in su re  t h a t  t h e  opera t iona l  community is afforded t h e  most 
cos t  e f f e c t i v e  and e f f i c i e n t  support  f o r  h i s  system. By requi r ing  
formal coordinat ion with t h e  PTTI manager, e a r l y  i d e n t i f i c a t i o n  of 
PTTI needs is achieved. 
ments and a s o l u t i o n  is  drawn from a f u l l  knowledge of t h e  technology 
a v a i h b l e  t o  t h e  e n t i r e  program. This  in tu rn  would tend t o  converge 
on s tandard equipments and common techniques f o r  accessing dissemina- 
t i o n  systems and maintaining standards.  Production line i t e m s  would 
begin t o  rep lace  development models thus providing f o r  economies in 
acqu i s i t i on  cos t ,  commonality of maintenance and support ,  uniform 
t r a in ing ,  and a b a s i s  f o r  gather ing meaningful s t a t i s t i c a l  da t a  on 
performance parameters which in t u r n  can be used t o  focus t h e  e f f o r t s  
of t h e  R&D community on t h e  problem areas. 
The  DOD PTTI Manager would become an active p a r t i c i p a n t  in t h e  planning 
process with wel l -es tabl ished lines of communication t o  cen t r a l ly -  
managed programs. 
a c t i v e  p a r t i c i p a t i o n  in t h e  process,  t h e  DOD PTTI manager w i l l  be 
b e t t e r  a b l e  t o  m e e t  h i s  r e s p o n s i b i l i t i e s  of providing an e f f i c i e n t  
and cos t - e f f ec t ive  DOD program. 
A central poin t  of contact  is 
Within each component 
All p a r t i c i p a n t s  become aware of t h e  require- 
With b e t t e r  v i s i b i l i t y  of t h e  DOD requirements and 
Current PTTI requirements cover a wide range of criteria wi th  space 
systems and b a s i c  research  heading t h e  list of t h e  most s t r i n g e n t  
demands f o r  accuracy and s t a b i l i t y .  
accommodated through a v a r i e t y  of time dissemination means .  The 
reliance on po r t ab le  c locks i s  dec l in ing  as improved systems and 
techniques are developed. 
Users' requirements are being 
Almost uniformly throughout t h e  use r  
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community, GPS/NAVSTAR and t h e  r e a l i z a t i o n  of i ts  f u l l  p o t e n t i a l  is 
viewed as one of t h e  most important f a c t o r s  in f u t u r e  planning. 
With t h e  advent of t h e  more soph i s t i ca t ed  communications systems and 
da ta  l inks  which are becoming common t o  a l l  components, t h e  charac te r  
of t h e  components programs are merging t o  a s i n g l e  iden t i ty .  
is  propi t ious  t o  i n s t i t u t e  management i n i t i a t i v e s  which w i l l  i n su re  a 
f u l l y  coordinated DOD program. This can be accomplished without any 
g rea t  reorganizat ion o r  cos t  and t h e  r e tu rn  on t h e  investment can be 
r ea l i zed  i n  a l l  aspec ts  of t h e  program. 
The t i m e  
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